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I ,  Introduction
This report presents some of the more interesting results of experi­
ments with the simulation code written fo r I l l ia c ,  described in the CSL 
report R-58,1 which provides a 1/5-scale model of the tracking and sorting 
operations of the a ir  tra ffic  control system proposed in the CSL report 
R-35. These experiments are only the f ir s t  of a series which are being 
conducted for the purpose of investigating the properties of the a ir  tra ffic  
control system* Although only a few of the many possible parametric con­
figurations have been studied i t  appeared worthwhile to report some pre­
liminary results at this time to indicate the course of the experimental 
program and to help guide construction of the actual hardware for the 
system.
A strong attempt has been made to avoid value judgements concerning 
the quality of tracking which are subject to many qualifications and which, 
within certain lim its, are usually a matter of taste. A number of quantities 
which are capable of precise definitions on which such judgements usually 
seem to be based have been measured and are reported here. Because of 
the large mass of data which must be analyzed our choice of these quantities 
was governed partly by their ease of measurement, however i t  is  fe lt  that 
the quantities so chosen represent a useful description of important 
properties of the system.
■^Hereafter this report is  simply referred to as R-58•
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II*  Preset Parameters, Smoothing and Sorting Parameters, 
and some Logical Operations which have been used
The values of the preset parameters have remained practically  constant
fo r a l l  experiments, the ones most commonly used are listed  in Table 1©
Unless s p e c if ic a lly  stated otherwise the preset parameters in  an experiment
have the values l is t e d  in  th is  tab le*
Attention has been confined to targets in a 23>6 mi* x 2£6 mi. area*
The x, y coordinate system and radar coverage is  indicated in  Figure 1*
Radar locations are indicated by -+* «
Figure 1
Area in which the Targets are Located and the Radar Coverage
Track position coordinates w ill be represented by X and Y, corresponding 
coordinates for a radar report w il l  be represented by ^  and ^  • The neces­
sary and sufficient condition fo r association of a radar report with a track 
is
I f - X  | £  £  and p j - y |  4  e  CD
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Table 1
Preset Parameters
Location of the radar, (Xi/Y^), 
angular velocity of the antenna, 
U >i, (a.u.«angular un it*l/ l28 of 
a c irc le ), and the range, Ri. 
Subscript refers to number of 
radar.
X]=61i mi, Y]_=192 mi, Q j=10.5 a.u./sec, R]_31;8 mi.
X2s192 mi, Y2=192 mi,CJ2=10.25 a.u./sec, R2*U8 mi.
X3=128 mi, 13=128 mi,O3«10.25 a.u./sec, R3=80 mi.
X^=6U mi, Y|;S6U 101,0^=10.25 a.u./sec, R =^80 mi.
X£=128 mi, Y^=6U mi, 05*10.5 a.u./sec, R^=80 mi.
Q^, the number of radar buffer 
store locations. = 8, Q2 = 8, Q3 = 8, * 8, Q5 * 8
N^, the number of priority  noise 
reports placed in the buffer 
store every second.
Nx = 6, N2 = 2, N3 = 2, Nj, = U, Nj  = 2
OTi, the threshold strength. 
(Strength of report,QT* can 
take values 0, 2, 2i, 6) . 0~i s &~2 = 2, 0*3 «  2, = 2, *  h
CT0, the minimum in itiation  
strength. (In  order for a 
report to be in itiated as a 
track i t  must have )•
11b°
fj_, the amount by which the 
firmness is  increased on every 
association.
f i  = 2
fm, the maximum possible firm­
ness. ( f  £  fm always). fm ‘  6
f Q, the firmness of a flesh ly  
in itiated track. f o " 1
f^ , the maximum scratching 
firmness. ( f s , the firmness 
such that tracks are scratched 
i f  f  is f s must satisfy  f s -^ f^ ).
h *  s
f D, the amount by which the 
firmness is  decreased after 
each interval t s.
6 11 H '
noj scratch tracks i f  number 
of free tracks on drum = n<n0. no = 5
t - ,  the interval after which 
the firmness w ill be decreased 
by f 0 i f  not associated t s = 15 sec.
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The smoothing equations fo r  x  and y  are
X *  =  X  +• OL(£ - x )  5
y *  =  y  +  x  ( T | -  y ) , (2 )
where *  denotes the smoothed quantity. The smoothing equations fo r  u and 
v , the x- and y-components o f  v e lo c ity , are
u *  =  u. + 4 -  ( f - x V
J (3 )
v ' *  =  t /  + 4 -  ( 7 -  y )  •
•t 1
Five sets o f  sorting and smoothing parameters 6  , o( ,
in  the experiments reported here. They w i l l  be re fe rred  to as SS-1, SS-2,
• • SS-£ and they are given in  Table 2. (in  order to  s im p lify  certa in  
computer operations the simulation code uses a firmness function which 
d if fe r s  by one from that used in  CSL R-35 and R-i;5: f(R -35 ) = f (  simulation
code) +  1. Throughout th is  report the simulation code firmness function 
w i l l  be used.)
The parameters SS-1 were determined by the K, L, M theory, described 
in  CSL report R-1j5<> The remaining sets o f  parameters e s s en tia lly  represent 
educated guesses* Parameters SS-h and SS-£ were arrived  at a fte r  a number 
o f "p en c il and paper experiments". In  these experiments tracking i s  per­
formed by a human being going through the association^ smoothing and bringing- 
up-to-date operations fo r  a plane f ly in g  in  the cover o f  a s in g le  radar.
The b lip  scan ra t io  was simulated by throwing a d ie  and a gaussian d is t r i ­
bution was used to  simulate the radar error.
In one experiment reported here double bin  sorting has been used. A 
description  o f th is  sorting technique is  given in  CSL report R-U6J b r ie f ly
have been used
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Table 2
Smoothing and Sorting Parameters
SS-ls CC = 0 .8 +  0.0083 (t -8 f-8 ) i f  t  -  8 f<26  
oL »  0.95 i f  t -  8f >26
$£ = 0.058 i f  f  = 0 or 1 and t  ^  15 
^  s 0*029 otherwise
€  = 1.10 4  1 + (t/32)2
? +T
SS-2: X  = (same as fo r SS-l)
= 2/t i f  1 X- §  | >2 or 1 Y- \  |>2 
= (same as fo r SS-l) otherwise
Q  = (same fo r SS-l)
SS-3: oC = (same as fo r SS -l)
^  = (same as fo r SS-l)
6  ■ 1 . 6 + _ l _ + ( t / 3 2 )2  
f + 1
SS-h: 0( = (same as fo r SS -l)
04 *  0*1 i f  f  * 1 and t ^ l 5  
■ 0.0U otherwise
e  = 1 .3 +  1 + (t / 3 2 )2 
f+ l/ 2
SS-5: 0< = O.U98 i f  t  -  8f ^  -2h 
<X = 0.717 i f  -23 ^  t -  8f ^  lh  
<X = 0.996 i f  1 5 ^  t  -  8f
6/> = 0.03 i f  t  >  6o
= 0*1 i f  t ¿.15 and f  = 1 
O.Oh otherwise
42. = 2.3 -i. 0 .l8t i f  1430 and f  * 1 
f  +  3
•6 =.3.3 -r o .i8t i f  t > i 5  
T + J
c. = 1.1 + It.3 i f  t <15
5 5
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i t  is  th is— i f  the association c r ite r io n , Eq. ( l ) ,  is  not s a t is f ie d  but 
is  s a t is fie d  i f  £, is  replaced by E (a  constant) then in it ia t io n  o f  a track 
by the report is  inh ib ited* In our experiments E * 1; mi.
The lea s t s ign ifican t d ig i t  in  the radar reports entering the system 
is  the 1 m ile d ig it*  The error which resu lts  from truncating the pos ition  
computed by the o rb it preparator to  the 1  m ile d ig i t  is  the on ly error in  
these reports*
Noise was introduced in  a l l  experiments, i t  was e ith er d istribu ted  
randomly over the en tire  area (0 < X <  256, 0 < Y  <256) or one-half the area 
(O ^X <128, 0 < Y  <256)* There are two ways fo r  noise to enter the system. 
The f i r s t  way is  in  the form o f p r io r i t y  noise; the number o f  p r io r it y  
noise reports placed in  the b u ffe r  stores every second is  given in  Table 1* 
Whenever the system is  operated at the fu l l  report ra te  (20 reports per 
second) 20 -  n additional noise reports are sent to the drum sorter and 
tracker when the to ta l  number o f  p r io r i t y  noise reports and plane reports 
sent to  the drum during a second is  n, thus keeping the report ra te  constant 
th is  is  the second way noise can enter the system* In  certa in  experiments 
reported here th is  source o f  noise i s  omitted— then the number o f  reports 
entering the drum in  a second flu ctuates ; th is  i s  ca lled  operation at a 
reduced report ra te . In  a l l  o f the experiments reported here where the 
system operated at a reduced report ra te  the p r io r i t y  noise preset parameter 
N  ^ was set equal to  one fo r  a l l  radars.
The amount o f  noise sent to the drum sorter i s  considerably greater 
than would be expected on the average in  a rea l s ituation . In  se ttin g  up 
these experiments we have been guided by the philosophy that the system 
should be operable even when conditions are unfavorable to good tracking.
C O N F I D E N T I A L
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The high speeds o f  the a irc ra ft  and destructive power o f th e ir  weapons 
make i t  v i t a l l y  important that the system be operable under extreme 
conditions, such as high noise density, even though th e ir  p rob ab ility  
o f  occurrence is  small*
In  a recent CSL report, R-U9, Wax has presented the resu lts  o f some 
th eo re tica l studies o f "B irth  and Death Processes in  Certain Signal and 
Noise Populations"* Some o f  the quantities which he has computed have 
also been measured experimentally and are reported on here. The number 
o f tracks per report, w ith firmness f , when the system is  at equilibrium, 
represented by Wax as Wf, is  in  th is  report given by where N is  the 
report ra te . No attempt has been made to  compare our experimental resu lts  
with th is  th eo re tica l work since the experimental conditions are quite 
d iffe ren t from the conditions assumed in  the th eo re tica l work.
In  a l l  o f  the experiments described here the problem o f saturation 
o f the radar b u ffe r  stores was handled by sorting the reports according 
to  strength. S p e c if ic a lly , i f  a b u ffe r  store becomes completely f i l l e d  
w ith reports and another report comes to  i t  from the radar, then the strength, 
CT, o f  a l l  o f  the reports is  examined and that one having the smallest cT  
is  discarded. Another method, ca lled  " s e r ia l overw rite ", fo r  handling th is  
saturation problem has not yet been studied.
Saturation o f  the type described above is  ca lled  saturation o f  the 
second kind. Another saturation problem arises i f ,  at any time, the to ta l 
number o f  reports in  a l l  o f  the b u ffe r  stores exceeds twenty. Since the 
drum can only process twenty reports a second, th is  type o f  saturation, 
ca lled  saturation o f  the f i r s t  kind, resu lts  in  some information being 
o lder than one second. In  a l l  but one experiment "o ld "  information
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resu ltin g  from saturation o f  the f i r s t  kind was not tampered w ith, i t  was 
handled as i f  i t  were up-to-date information» However, in  one experiment,
Exp. I 19*1 a l l  information older than one second was discarded.
I l l »  Orbits o f the Targets
At the beginning o f the experimental program i t  was f e l t  that the 
o rb its  used should form a f a i r l y  complex f l i g h t  pattern in  order to  obtain 
information about a number o f d iffe ren t  tracking situations (crossing planes, 
turning planes, e t c . )  from a s in g le  long experiment.
The f l i g h t  pattern fo r  Exp. I^  is  shown in  Figure 2; the course o f 
each plane is  indicated by a continuous s tra igh t l in e  w ith the heading 
indicated by an arrow. Radar coverage is  indicated by the dashed c ir c le s .
This pattern was generated by the stra igh t l in e  and parabola o rb it  pre­
parer described in  R-£8. The southbound planes a l l  started at time t  = 0 
(the s ta rt o f the experiment) and traveled  at a constant speed o f £/32 
mi/sec. The northbound planes a l l  started at t  = 0, and had a constant 
y-component o f v e lo c ity  v = l /8 mi/sec with th e ir  speeds ranging from l /8 
to  'V2/8 mi/sec. The eastbound planes trave led  at speeds ranging from 23/128 
mi/sec to  l / l 6 mi/sec 1 s ta rtin g  at the lower l e f t  com er o f  Figure 2 and 
going up, the f i r s t  two planes had a speed o f 23/128 mi/sec, the next two 
22/128 mi/sec, and so on in  decreasing steps o f 1/128 mi/sec. The eastbound 
planes started at various times so as to  l in e  up v e r t ic a l ly  at X = 6b mi 
and t  = 102b sec. Points at which the planes co llid ed  f a l l  along the dashed 
l in e ,  ca lled  the ’’c o ll is io n  l in e ” in  Figure 2.
^This notation or the a lternate Exp. 1-19 is  used throughout fo r  la b e llin g  
experiments. The I  re fe rs  to the fa c t that the radars and data processers are 
simulated by the I I l i a c .
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In Exp. I 2 the polygonal o rb it  preparer1  was used. N in e ty -fiv e  planes 
were in  the nskyfl and they trave led  between certa in  subsets o f  the 15 turning 
poin ts, indicated by •  in  Figure 3«, A few o f the o rb its  are shown in  th is  
figu re . One plane had a speed o f  l / l 6 mi/sec, two had a speed o f  l/b mi/sec, 
fo r ty -s ix  had a speed o f  l /8 mi/sec and fo r ty - s ix  had a speed o f  3/ l6 mi/sec. 
Each plane co llid ed  approximately 5 to 10 times with other planes along i t s  
path.
The complexity o f  the f l ig h t  patterns in these experiments led  to con­
siderable d i f f ic u lt ie s  in  analyzing the resu lts . For th is  reason a series  
o f  experiments was made with r e la t iv e ly  simple f l ig h t  patterns where the 
turns or c o llis io n s  could be considered as iso la ted  events. Two simple 
f l ig h t  patterns which are reported on here are generated by the fishook 
and scissors o rb it  preparers described in  R-58.
Figure it shows a sample fishook pattern generated by the fishook 
o rb it  preparer. The numbers shown are the id e n t if ic a t io n  numbers o f  the 
planes. (These are sexadecimal numbers (base 16), K, 3 , N, J, F, L repre­
senting the decimal numbers 10, 11, 12, 13, i l l ,  15* re sp e c t iv e ly .) The 
o rb it  fo r  plane number 1 is  ca lled  the basic o rb it , the o rb it fo r  any other 
plane, say plane P, is  derived from the basic o rb it  by the transformation
X (plane P) s x  (p lane l )  4* n A  X 
T (plane p ) s y  (plane 1 ) •+■ m A  X
In a l l  experiments reported here n and m are in tegers ranging from 0 to  9 
and A  x = ^ y  s 25 m iles.
Figure 5 shows a sample pattern generated by the scissors o rb it pre­
parer, and the id en tif ic a t io n  numbers o f  the planes. The o rb it fo r  plane
■^ See R-58.
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number 1  is  the basic o rb it  fo r  the odd numbered planes and the o rb it  fo r  
plane number 2 is  the basic o rb it  fo r  the even numbered planes« The o rb it 
fo r  any odd numbered plane is  derived from the basic o rb it  by the above 
transformation, the o rb it fo r  any even numbered plane is  derived from the 
same transformation with X (plane 1) and Y (p lane 1) replaced by X (plane 2) 
and Y (p lane 2 )« In  a l l  experiments reported here n is  an in teger ranging 
from 0 to  9 and m is  an in teger ranging from 0 to 5, and X = 25 m iles,
£^Y = £0 m iles«
IV« C o llection  o f Data
The A sso c ia tion  p r in t" output program is  the only output program which 
has been used« The data printed out by th is  program is  the "raw data" fo r  
a l l  o f  the data analysis which has been performed« I t  is  reca lled  that 
th is  program prin ts out information on a track on ly at the times at which 
the track associates w ith some report; information on a track which is  
in it ia te d  but never associates with a report is  not printed. Unless ex­
p l i c i t l y  re fe rred  to ,  these "one-h it tracks" are ignored in  the fo llow ing 
resu lts «
V. Results o f  Experiments 
A. Exp. I i
A fte r  a l l  parts o f  the simulation program were checked separately,
Exp. I-j_ was set up in  order to te s t  the operation o f the program as a s in g le  
un it« Sorting and smoothing parameters SS-1 were used. Examination o f  the 
resu lts  o f  th is  experiment showed that a l l  o f  the lo g ic a l  operations were 
being performed correc tly «
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This experiment also furnished information on the a b i l i t y  o f  the sys­
tem to  track planes f ly in g  with constant v e lo c ity  through d iffe re n t  kinds 
o f  radar cover» We w i l l  describe radars 2, 3, and U, which have a b lip -  
scan ra tio  o f  0*7£, as good radars, and radars 1 and £, which have a b lip -  
scan ra tio  o f 0*£0, as poor radars» For those planes f ly in g  in  the cover 
o f  at lea s t one good radar the fo llow ing  resu lts  were obtained*
( 1 ) Iso la ted  planes with speeds o f le s s  than about 560 mph can be tracked 
fo r  periods o f  at le a s t  10 to l£  minutes with n eg lig ib le  p rob ab ility  
o f lo s in g  the track. For these tracks the average error in  position  
is  about 1 m ile in  each coordinate.
(2 ) Tracks on planes f ly in g  at speeds greater than about £60 mph showed 
considerable stu tterin g ; that is ,  the track is  lo s t  and re in it ia te d  
several times within a short period o f time» The period between 
successive in it ia t io n s  was in  the neighborhood o f  1-2 minutes*
(3 ) There are ju st eight c o llis io n s  between eastbound and southbound planes 
in  which tracks are being carried  on both planes involved at the time 
o f  the c o ll is io n . Out o f  these eight c o llis io n s  there is  on ly one in  
which both tracks are subsequently lo s t ,  there is  one in  which only 
one track is  lo s t  and in  the other s ix  both planes are successfu lly 
tracked through the c o ll is io n . In  each c o ll is io n , at le a s t  one track 
had an in correct association— that is ,  an association  with a report 
from the other plane involved in  the c o ll is io n .
(U ) There are f i v e  c o llis io n s  between eastbound and southbound planes in  
which only one o f  the planes is  being tracked at the time o f  the c o l­
l is io n .  A l l  o f  these tracks are successfu lly continued through the 
c o ll is io n . However, only three had an incorrect association at the 
time o f  the c o llis io n .
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(5 ) Eleven o f the twelve southbound planes c o llid in g  with northbound planes 
were being tracked at the time o f the c o llis io n *  A l l  o f these tracks 
successfu lly pass through the c o llis io n *  Only four o f these had an 
incorrect association at the time o f the c o ll is io n . The northbound 
planes are so close together at the time o f the c o ll is io n  that i t  is  
d i f f ic u l t  to say whether loss  o f th e ir  tracks is  due to c o llis io n s  
with southbound planes or th e ir  mutual in terference.
For planes in  poor radar cover.on ly  the tracking was very unsatisfactory 
because o f s tu tterin g . No co llis io n s  occurred in  areas o f poor coverage.
6« Exp. 1^
In  th is  experiment the planes make instantaneous changes in  heading 
at various times. The changes in  heading appearing in  th is  experiment 
ranged from 26°  to  90° ,  and the speeds ranged from bSO to  900 mph. These 
instantaneous turns can be approximated by turns through the same angle 
having constant speed and acceleration  when a few s im plify ing assumptions 
are made; the turns approximated in  th is  experiment range from about l/ 2g 
to about ijg.
As mentioned e a r l ie r  each plane made a number o f c o llis io n s  with other 
a ir c ra ft  during i t s  f l ig h t .  These c o llis io n s  involved from two to four planes 
and the angle between the o rb its  o f the c o llid in g  planes ranged from 0 to 180° .
Smoothing and sorting parameters SS-1 were used. From the prelim inary 
data p rocessed  the d istr ibu tion  o f the number o f tracks in it ia te d  on a 
plane was found and is  shown in  Figure 6; there are, fo r  example, 5> tracks 
in it ia te d  on each o f 12 planes. The average number o f tracks in it ia te d  
per plane is  about
■^ See R-58.
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Unfortunately, i t  turned out to be an extremely d i f f ic u l t  task to  deter­
mine why tracks were lo s t .  Turns and co llis io n s  frequently occured so close 
together that the lo ss  o f  a plane might be considered as due to e ith er one 
o f  these events or both. Approximately ten such events occured fo r  each 
plane. Excluding in it ia t io n  s tu tterin g  i t  appears that in  about h a lf o f  
these events a new track is  in it ia te d . Since many planes were tracked suc­
c ess fu lly  through co llis io n s  in  Exp 1^ i t  seems that most o f  the trouble 
is  due to the turns. Because o f  the d i f f ic u lt ie s  encountered in  try in g  to  
analyze the resu lts  o f  th is  experiment i t  was decided to  t r y  simpler f l ig h t  
patterns with iso la ted  turns and c o llis io n s .
In  these experiments the fishook f l ig h t  pattern was used. The o rb it 
parameters fo r  the basic course are the same fo r  a l l  o f them and are given 
below:
where x^ _ and y^ are the in i t i a l  pos ition  coordinates, u i and v^ are the 
in i t i a l  x- and y-eomponents o f  v e lo c ity , t^ is  the time o f the s ta rt o f  the 
turn, t 2 i s  the time the turn is  completed, c-O is  the angular v e lo c ity  o f 
the turn, R is  the radius o f  the turn ug and V£ are the x- and y-components 
o f  v e lo c ity  a fte r  completion o f  the turn. This is  a l/kg turn through 90° 
at constant speed V *  k$0 raph. A fte r  completion o f  the turn the f l ig h t  
continued-for about 5>0 seconds.
Smoothing and sorting parameters SS-1 were used in  Exps. I 3 and I 5, SS-2 
in  Exp. 13* , and SS-3 in  Exp. l£ .  Noise was confined to  the region O^X<128, 
0< y  < 256. ,
C. Exps. I 3, 13* , l£  and 1^
x-j_ = 3 mi,
u i = 0,
4 - - .  —  P . A  c  o r* t g - t i  * 126 sec, 
R «  10 mi,
V2 = 0
y i  = 28 mi, 
v^ = l /8 mi/sec,
( 5)
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In  Exps. I 3- I 6 the qu a lity  o f  the tracking was very poor compared to 
that obtained in  subsequent experiments» The primary sources o f  trouble 
in  these four experiments were track s tu tterin g  and the so-ca lled  northeast 
wind which were elim inated or at le a s t  p a r t ia l ly  elim inated in  la t e r  experi­
ments» For th is  reason the experimental resu lts  w i l l  on ly be discussed 
in so far as they r e la te  to  these two phenomena»
In order to  observe the general character o f  the track ing, photographs 
o f  the output o f  the "association  p r in t " ,  data processing program^ were 
made» (Th is data processing code displays on a cathode ray tube the coor­
dinates o f  a track whenever i t  associates with a radar report provided the 
firmness, f ,  immediately preceding the association is  greater than or equal 
to an adjustable parameter f 0» )  Photographs fo r  Exp. I 3 are typ ica l fo r  
these fou r experiments and are shown in  Figure 7* where f Q = 0, and Figure 
8, where f 0 = lu Radar coverage is  ind icated by the c ir c le s .  Comparison 
with the true courses, Figure U, shows that tracking in  poor coverage is  
very  unsatisfactory. The discontinuous character o f  the tracks at the turns 
ind icates that they are being lo s t  and re in it ia te d  even in  good radar cover»
I t  is  in te res tin g  to  compare these photographs with photographs o f  
the raw data in  which there is  a spot corresponding to every report received 
by the drum» Figure 9 is  a photograph o f  the raw data (we c a l l  th is  a 
p r in t ) fo r  l/hg fishook experiments described in  th is  report in  which the 
fu l l  report ra te  (20 reports per second) is  used. (This includes Exps.
I 3, i y ,  I^ , I 5, I 7 , Ig ,  I i 2> I 17O This comparison gives a good quali­
ta t iv e  p ictu re o f  the noise discrim inating properties o f  the system, though
TSee R-£8.
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some o f  the e f fe c t  is  lo s t  because o f  the in tegration  provided by the photo­
graphs. Quantitative data on noise w i l l  be presented la te r *
The photographs do not furnish an unambiguous track h istory* I t  is  
not possib le to  t e l l  d e f in ite ly  when tracks are lo s t  and re in it ia ted , which 
dots actu a lly  belong to  the same track, and the order o f the events in  
time. As an attempt to understand the reasons why tracks were lo s t  and 
re in it ia te d , more precise track h is to ries  were p lo tted  by human beings.
This procedure is  very time consuming, but fortunately  most o f  the useful 
information contained in  these h is to r ies  can be extracted by considering 
only the most ill-behaved  or " in te res tin g ” tracks which appear in  the 
photographs. Several o f  these track h is to r ies  are shown in  Figures 10, 11, 
12, and 13«
In  each figu re  the true course o f  the a irc ra ft  is  shown in  an x, y  
coordinate system in  l/U m ile un its, w ith the time o f  a r r iv a l at points 
along the course marked in  seconds. The x, y  coordinates are in  the 
sexadecimal number system. Each track is  indicated by a continuous lin e  
drawn from the point o f  the f i r s t  association to that o f  the la s t  associ­
ation . The track is  id e n t if ie d  by the number (sexadecimal) o f  i t s  drum 
loca tion  which appears in  a small box alongside the corresponding track. 
Whenever an association occurs a dot appears at that point on the track 
and the time ( in  seconds) o f  the association is  indicated; i f  the dot is  
enclosed by a small c ir c le  the association was made with a noise report, 
i f  there is  no c ir c le  the association was a correct one— that i s ,  the track 
associated w ith a report from the plane i t  represents. The planes are 
numbered sexadecimally according to  the scheme shown in  Figure 1*. The 
quantity t f  g ives the time o f  the end o f  the eaqperiment.
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For i l lu s tra t io n  we consider Figure 10 in  d e ta il.  This is  a track 
h is to ry  on plane 19; Figure h shows the course o f  th is  plane in  re la tion  
to  the en tire  area. The starting coordinates o f th is  plane are x = 19N 
(m i/li), y  = 138 (mi/li) which when converted to the decimal number system, 
and one m ile units are x = 103 mi, y  = 78 m i. S ix tracks are in it ia te d  
on th is  plane. They are in  drum locations 2NN, 30N, 3Kl¿, 2S0, and 338.
Tracks w i l l  be re fe rred  to by drum loca tion . They have th e ir  f i r s t  asso­
c ia tion  a fte r  in it ia t io n  at 13 , 32, 50, 136, 186, and 236 seconds, and th e ir  
la s t  associations at 88, 36, 123, 171, 195, and 257 seconds, resp ec tive ly . 
Track 316 f l i e s  out o f  the area and is  lo s t .  Track 2NN associates with a 
report from plane 19 at t  = 13 sec, and with noise reports at t  = 2k sec, 
and t  = 88 sec.
A fte r  examination o f  a number o f  these d e ta iled  track h is to r ies  i t  
appeared that there was a general tendency fo r  the tracks to be displaced 
southwest o f  the plane* s course; th is  was ca lled  the northeast wind e f fe c t  
because o f i t s  appearance. This e f fe c t  can be seen in  Figures 10-lli. The 
source o f  the northeast wind was found to  be a truncation error which arose 
in  the smoothing ca lcu la tion  fo r  the track v e lo c ity . In the computer seven 
d ig its ,  o f  which one is  a sign d ig i t ,  are allowed fo r  the v e lo c ity ; the 
decimal point fa l l s  immediately a fte r  the sign d ig it  so that the smallest 
unit o f  v e lo c ity  is  2~^ mi/sec. However, in  comouting the v e lo c ity  correction  
in  the smoothing ca lcu lation  a l l  UO d ig its  o f  the accumulator are used and 
the resu lt is  chopped o f f  at the seventh d ig it  to g ive  a v e lo c ity  correction  
truncated to  2” ^ mi/sec. The resu lt is  that any negative correction  le ss  
than-2“ ^ mi/sec is  equal to - 2"^  mi/sec a fte r  truncation, while p o s it iv e  
corrections less  than 2"^  mi/sec are always equal to zero a fte r  truncation.
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The v e lo c ity  correction  is  therefore biased in  the negative d irection . In 
addition to th is  there is  a tendency fo r  planes f ly in g  d ire c t ly  south to 
have a small, le s s  than -2 , v e lo c ity  correction  because o f  the way the
numbers are handled in  the I l l i a c ,  The northeast wind e f fe c t  was eliminated 
from Exp. I 5 and the fo llow in g  experiments by rounding the v e lo c ity  correction  
before truncating. The resu lting  improvement in  tracking is  indicated by 
comparing Figure 10 with Figure lit  where a deta iled  track h istory  on plane 
19 fo r  Exp. is  p lo tted , (Exp. I 5 d i f fe r s  from Exp. I 3 only in  the 
removal o f  the northeast w ind.) In Figure lit  the track is  on the average 
c lo ser to the true course and is  not lo s t  on the turn.
I t  was frequen tly  observed in  these experiments that when a plane 
f i r s t  appears, or when a track is  lo s t ,  several sh ort-lived  tracks are 
in it ia te d  on the plane before a "good” track on the plane is  established; 
th is  is  p a rticu la r ly  true i f  the plane is  executing a turn at the time o f 
in it ia t io n . Track s tu tterin g , as th is  phenomenon is  ca lled , can be caused 
by missing reports (no radar report on the plane during a scan) in combina­
tion  with too small an £  , and ai^/t which does not allow the correct 
v e lo c ity  to  be picked up qu ickly. Let us consider the £ in  SS-1 fo r  a 
newly in it ia te d  track in  s in g le  radar cover. A fte r  one scan time, approxi­
mately 12 seconds, f  = 1 and £  = l*7h mi. At th is  time the x, y  coordinates 
o f  the track are in tegra l since £  , ^  , the coordinates o f  the radar report 
are the coordinates o f  the track on in it ia t io n . Therefore, when comparing 
radar reports with th is  track fo r  association the pos ition  error w i l l  
always be in te g ra l. Since £  «  1*7U mi the pos ition  error in  x  and y  must 
be e ith er 1 or 0 m iles fo r  an association. In  12 seconds a h$0 mph plane 
w i l l  t ra v e l 1 .5  mi and a fte r  the new position  has been truncated to  the
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nearest m ile th is  may appear as a 2 m ile change in  pos ition , thus the second 
report can ea s ily  f a l l  outside the association bin* The stu ttering  on in i ­
t ia t io n  was in  part due to  th is  e ffe c t*  This, however, was not the only 
source o f  trouble since stu tterin g  was observed in  Exp* l£  where parameters 
SS-3 were used; here €. - 2.2U mi 12 seconds a fte r  in it ia t io n *  I t  also 
appeared that the correct v e lo c ity  was not picked up quickly enough, in d i­
cating that fy t  was too small during the b ir th  o f  a track. In  the new 
parameters S5-U and SS-5, which were used in  la te r  experiments, the values 
o f  € and r/t during in it ia t io n  o f  a track were increased in  an attempt 
to overcome the stu ttering* The v e lo c ity  smoothing parameter in  SS-U and 
SS-5  is  0.1 i f  f  s 1  and t ^ l 5, a condition which can only be s a t is fie d  
by a newly in it ia te d  track. With th is  value o f  fyt the pos ition  errors 
( i - x ) ,  (7  -Y ) on the f i r s t  scan a fte r  in it ia t io n  are treated  as i f  they 
are almost e n t ir e ly  due to the v e lo c ity  o f  the plane; in  pa rticu la r, i f  
the f i r s t  association  occurs 10 seconds a fte r  in it ia t io n  ^  i t s e l f  is  equal 
to  1 . 0* ii \
D* Exp. Iy
Experiment Iy  was a fishook experiment with orb it parameters fo r  the 
basic course given by Eqs. (5 ) .  The system operated at the fu l l  report 
ra te  and noise was confined to  the l e f t  h a lf o f the area, 0 ^x  <128 and 
0^ y < 2£6. Smoothing and sorting parameters SS-U were used.
Association prin ts were made at f Q -  0 and f 0 = I|. They are shown 
in  Figures l£  and l 6. Comparison with Figures 7 and 8 indicates that a 
qu a lita tiv e  improvement in  the tracking has been achieved. This is  en tire ly  
due to the new smoothing and sorting parameters and the removal o f  the north­
east wind since Exps* I 3 and Iy  are otherwise id en tica l*  Comparison o f
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Figures l£  and 16 shows that a track d isp lay at f  reduces the noise 
considerably without seriously  d eteriora tin g  the tracks*
Two important questions to be answered in  a fishook experiment are:
"Can the system successfu lly track a turning plane and how does th is  depend 
on the radar cover and noise density?" In order to  answer these questions 
the fo llow ing ru les were set up fo r  c la s s ify in g  the tracking o f a turn in  
one o f f iv e  ca tegories , A, B, C, D, or E:
The tracking o f  the turn is  type A i f :
1. A track is  in it ia te d  at t^0i>0.
2. No secondary tracks are in it ia te d  in  the in te rva l 0 £ 0 < t^ l0 0 *
3* There is  at lea s t one correct association with th is  track in  the in te rva l 
ON8 < t  < t f .
The tracking o f  the turn is  type B i f :
1 * A track, ca lled  the primary track, is  in it ia te d  at t^O^O*
2. Secondary tracks are in it ia te d  in  the in te rva l 0 £ 0 < t^ l0 0 .
3. There is  at lea s t one correct association with the primary track in  the 
in te rva l 0N8 ^ t  ^ t f .
The tracking o f  the turn is  type C i f :
1* A track (primary) is  in it ia te d  at t^05>0.
2* At lea s t one secondary track is  in it ia te d  in  the in te rva l 05>0 < t  O 00*
3* There is  no correct association with the primary track in  the in te rva l 
ON8 < t  ^ t f .
The tracking o f the turn is  type D i f :
1. A track is  in it ia te d  at t  ^ 0£0*
2* No secondary tracks are in it ia te d  in  the in te rva l 0£0<t^ .l00*
3. There is  no correct association in  the in te rva l 0 N 8 < t^ t f#
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The tracking o f  the turn is  type E i f :
1 , A track is  in it ia te d  at t  ^050, but not at t  ^0£0 .
.
The quantity t  is  the time in  sexadecimal seconds, and tf is  the time o f the 
end o f the experiment; t f  ~  100 sexadecimal seconds fo r  the fishook experiments 
reported here« In  a l l  fishook experiments fo r  which the parameters o f the basic 
course are given by Eqs. (£ ) the plane begins the turn at t  = 0£0 and comes out 
o f the turn at t  = ONF. In order to i l lu s t r a te  the s ign ifican ce  o f these ru les 
consider those fo r  type A tracking» Rule 1 requires that a track is  in it ia te d  
before the plane begins the turn. The p o s s ib il it y  o f more than one track being 
in it ia te d , fo r  example s tu tterin g  on in it ia t io n ,  before the turn begins is  not 
precluded. A secondary track is  a track in it ia te d  by a report from a plane on 
which a track has already been in it ia te d . Thus, ru le  2 demands that no new 
tracks on the plane are in it ia te d  a fte r  the turn is  begun and before t  = 100, 
which is  approximately equal to  t f .  A correct association is  one in  which a 
report from a plane associates w ith a track on that plane. Thus ru le  3 demands 
that the track be s u ff ic ie n t ly  c lose  to  the plane at some time between completion 
o f the turn and before the end o f the experiment that i t  associates with a report 
from the plane. The in terp reta tion  o f the ru les fo r  the other types o f 
tracking is  c lea r from the explanation o f these ru les fo r  type A tracking.
This c la s s if ic a t io n  o f the tracking o f turning a ir c ra ft  is  a rb itra ry  
but seems to represent a simple and reasonable separation o f the in teres tin g  
events which can occur. S im p lic ity  is  important here because o f  the la rge  
amount o f data that must be handled. Rule 3 above is  somewhat s im p lified  
c r ite r io n  fo r  determining whether the plane is  s t i l l  being tracked properly 
a fte r  the turn. An a lternate ru le fo r  type A tracking might be the fo llow in g :
The primary track must be w ithin 6 (th e  sorting parameter) o f  the plane at
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t  = 100— that is ,  the track must be s u ff ic ie n t ly  c lose to  the plane to be 
able to associate with a report from i t  a short time a fte r  completion o f 
the turn. Use o f th is  ru le , and i t s  equivalent fo r  the other types o f 
tracking, was found to have a n e g lig ib le  e ffe c t  on the d istribu tion  o f 
types o f tracking obtained in  th is  experiment and i t  was abandoned in favor 
o f  the simpler ru le 3 which requires only that there be a correct associ­
ation a fte r  the turn.
Type A tracking and type B tracking w i l l  be ca lled  successful tracking 
o f  a turn. The existence o f  secondaries here w i l l  a lte r  but l i t t l e  a 
c lea r  p ictu re d isp lay since the fa c t  that the primary track continues 
around the turn usually im plies that the secondaries have a low average 
firmness and are scratched a short time a fte r  in it ia t io n .  Type C tracking 
and type D tracking w i l l  be ca lled  unsuccessful tracking since no track 
in it ia te d  before  the s ta rt o f  the turn is  in  the neighborhood o f the plane 
a fte r  completion o f the turn. Type E tracking is  a resu lt o f  fa u lty  i n i t i ­
ation ; a la b e l o f  successful or unsuccessful tracking o f the turn is  not 
p a rticu la r ly  meaningful since the track is  in it ia te d  a fte r  the beginning 
o f the turn.
In  Table 3 the number o f  turns in  each tracking category in  th is  ex­
periment is  displayed according to radar cover and the presence or absence 
o f noise. In  th is  experiment and in  the other fishook experiments reported 
here there are U6 turns in  radar cover in  the noisy area and 3h turns in  
radar cover where noise is  absent. The remaining 20 turns are e ith er 
p a r t ly  covered by the radars or completely out o f  cover.
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1 Good Radar 1 Poor Radar 2 or 3 Radars
No Noise Noise No Noise Noise No Noise Noise
Number o f  A 7 16 6 3 10 11
" B 0 0 1 1 0 0
« C 0 2 2 0 1 u
w D 0 3 2 2 0 0
« E 3 2 2 2 0 0
Table 3
C la ss ifica tion  o f  turns fo r  Exp* Iy
Although a number o f  turns occur in  the noisy area many are never d ir e c t ly  
perturbed by noise* I t  is  o f  some in te res t to  consider on ly those turns in  
which a noise report associated with the track during the turn in  order to  study 
the e f fe c t  o f  perturbation by noise* Lines 1 and 2 in  Table it l i s t  the number 
o f successful turns in  each type o f  cover having one or more noise associations 
during the turn. Line 3 l i s t s  the number o f  unsuccessful turns in  which there 
was a noise association during the turn and the track was subsequently lo s t—  
that is ,  there were no more correct associations on th is  track fo llow in g  asso­
c ia tion  w ith the noise report.
1 Good Radar 1 Poor Radar 2 or 3 Radars
Number o f  successful turns with one 
noise association during the turn* it 0 2
Number o f  successful turns with 
more than one noise association 
during the turn*
1 1 0
Number o f  unsuccessful turns w ith 
a noise association and subse­
quent loss  o f  the track.
5 2 1*
Table it
E ffe c t o f noise on turns fo r  Exp. Iy
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The life t im e s  o f  noise tracks on a c lea r p ictu re d isp lay are described
in  Figures 17a, 17b, 17c, 17d, 17e, and 17f which show d istribu tions o f
the time in te rva l Atx* that the firmness o f a noise track is  greater•*•0
than or equal to  f Q, fo r  f 0 = 0, 1, 2, 3, k, and 5, resp ec tive ly . The 
ordinate, n, is  the number o f  noise tracks and the abcissa, A , t f Q, is  the 
time in te rva l, quantized in  f i v e  second in te rva ls , during which the firmness 
was greater than f Q; e *g ., in  Figure 17a, 11 tracks had a firmness greater 
than or equal to  zero fo r  6£ to  70 seconds, 3 tracks had a firmness greater 
than or equal to  zero fo r  100 to  105> seconds, etc* These d istribu tions 
are fo r  noise tracks in it ia te d  during the f i r s t  minute o f the experiment 
on ly, in  order to  allow fo r  a complete h is to ry  on the lon g -liv ed  noise 
tracks* In  th is  experiment two noise tracks which were in it ia te d  in  the 
f i r s t  minute were s t i l l  a liv e  at t  *  t f$  data on these tracks does not 
appear in  the above figu res* Noise tracks which become confused with plane 
tracks are not included in  these d istribu tions; confusion is  said to  a rise 
when a noise track has two successive associations with reports from the 
same plane* The number o f these cases is  very  small. I t  has been assumed 
that a l l  o f these tracks d ie o f f-death  ( i . e .  the firmness becomes equal 
to  -1 ) and not from operation o f  the track scratcher* However, since the 
track scratcher only operates at f  = 0 and f  *  1 in, th is  experiment, th is  
w i l l  on ly cause a s ligh t s h ift  to  the l e f t  in  the d is tr ibu tion  o f Figure 
17a, and Figure 17b and w i l l  leave  the others unaffected. F in a lly , i t  
should be remembered that noise tracks which are in it ia te d  but never asso­
c ia te  with anything are n ecessarily  omitted since the association p rin t 
output p rin ts out information on a track only on associations* Inclusion 
o f  these one-hit noise tracks would cause the d istribu tions in  Figures 17a
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and 17b to be more sharply peaked around = l£  seconds, the others
would be unaffected. The average number o f  one-hit noise tracks on the
5m
drum at any time is  roughly 9i>. Since tracks d ie  when f  = -1 i t  can be 
seen that Figure 17a presents a d istr ibu tion  o f  life t im es  o f  noise tracks 
on the drum.
The average number, N f, o f noise tracks (excluding one-hit noise 
tracks) on the drum at any time with firmness f  has been computed as a 
function o f f .  This is  a time average taken at 20 second in terva ls  from 
t  = 60 seconds to t f .  The resu lts  are given in  Table £. From th is  tab le  
one ea s ily  obtains the average number o f  noise tracks which w i l l  appear
f  = 0 f  = 1
CMII«H f  = 3 f  = k f  = S f  = 6
Nf h*2 5e0 5.8 7.6 3.6 2.0 l.U
Table £
N f as a function o f f  fo r  Exp. 1^
on a c lea r  p ictu re d isp lay fo r  any d isp lay firmness, f 0. Thus, fo r
f 0 = ij. there w i l l ,  on the average, be 7«0 noise tracks displayed at any
time.
The alertness o f the system has been investiga ted . In  normal oper­
ation i t  is  expected that the c lea r  p ictu re d isp lay w i l l  be biased so as 
to d isp lay on ly those tracks having a firmness equal to some value greater 
than the in it ia t in g  firmness in  order to suppress the m ajority o f the noise 
tracks. In th is  case a track must have at le a s t  one association before 
i t  can be displayed on the c lea r  p ictu re. The time in te rva l between the 
f i r s t  appearance o f the plane in  the sky and the f i r s t  association with a 
track on that plane is  th ere fore  a measure o f the a lertness o f the system;
C O N F I D E N T I A L
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th is  quantity w i l l  be denoted by TD, fo r  time delay. The average value 
o f TD, TD, and the RMS dev ia tion , l\ ( ATD)^7 fo r  the d iffe ren t  types o f 
radar cover is  given in  Table 6.
1 Good 
Radar
1 Poor 
Radar
2 or 3 
Radars
fS  (s ec ) 1(2.8 30,7 18.0
4 (A T D )2 (s ec ) 30o3 23o7 11.0
Table 6
Average time delay fo r  f i r s t  association in  Exp, I 7
During th is  experiment the drum occasionally  became overloaded and 
the track scratcher was brought in to  operation. The drum parameter was 
equal to f i v e  so that the track scratcher operated when there were less  
than f i v e  empty drum loca tion s . Figure 18 il lu s tra te s  the times at which 
the scratching occured and the le v e l  o f  firmness at which the track scratcher 
operated during the f i r s t  portion  o f the experiment. The horizonta l l in e  
is  the time axis ( t  is  given in  sexadecimal seconds), a v e r t ic a l l in e  appears 
each time the scratcher operates and the number above the v e r t ic a l l in e  is  
the le v e l  at which scratching occured. The track scratcher is  f i r s t  ca lled  
in to  operation at t  = 16 sec, as time proceeds the track scratcher operates 
with increasing frequency scratching tracks at f  ■ 0, F in a lly  scratching 
at f  = 0 does not c lea r  enough drum locations and the scratcher operates 
at f  = 1, scratching a l l  tracks with f  * 1 and f  = 0, Enough drum locations 
are apparently cleared then to keep the scratcher quiet fo r  about 11 seconds 
when i t  s tarts  to operate again at f  s 0 and then at f  = 1© This general 
pattern continues throughout the experiment. I t  is  easy to see that frequent 
operation o f  the track scratcher w i l l  cause in it ia t io n  time delays and
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stu tterin g  on in it ia t io n  since a newly bom track, having a low firmness, 
has a r e la t iv e ly  good p rob ab ility  o f being k i l le d  by the track scratcher^
In  addition to saturation o f the drum there was evidence o f saturation o f 
the f i r s t  and second kind» (Th is was detected by watching the memory slave 
tube on the I l l i a c . )  I t  appears from these resu lts  that a report ra te  o f 
20 reports per second overloads the system,, The importance o f the fa c t 
that the system does not go completely haywire, and in  fa c t  does not do 
too badly in  tracking these turns, even when overloaded should not be over­
looked* The complete break-down under saturation o f s im ilar systems in  
which the tracking and sorting operations are performed by human beings 
is  not uncommon.
Though one should not attach too much s ign ificance  to the behavior 
o f a s in g le  turn i t  is  in te res tin g  to compare the tracking o f  plane 19 in  
th is  experiment w ith that in  e a r l ie r  experiments (F igs* 10, 13, and lh)o 
A deta iled  track h is to ry  on the f l i g h t  o f plane 19 in  Exp. Iy is  shown in  
Figure 19. The improved tracking is  due to the new sorting and smoothing 
parameters and the elim ination o f the northeast wind*
E. Exp. Ig
Experiment Ig  is  a fishook type experiment w ith o rb it parameters fo r  
the basic course given by Eqs. (5 ) .  The system operated at the fu l l  report 
ra te  and noise was confined to the l e f t  h a lf o f the area, 0^ x < 128, 0^y42£6* 
Smoothing and sorting parameters SS-1| were used. Double bin sorting was 
used; th is  is  the on ly point on which Exps. Iy and Ig  d i f fe r *
The association p rin ts  do not d i f f e r  s ig n if ic a n t ly  from those obtained 
fo r  Exp. Iy*
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The number o f  turns in  each tracking category is  displayed in  Table 7* 
Data on the e f fe c t  o f noise on turns is  presented in  Table 8, There appears
■ Xv
to  be no s ign ifican t d iffe ren ce  between these resu lts  and those fo r  Exp. Iy .  
I t  is  noted here that two planes fo r  which tracks appear in  Exp. Iy are 
never tracked in  th is  experiment.
1 Good Radar 1 Poor Radar 2 or 3 Radars
No Noise Noise No Noise Noise No Noise Noise
Number o f A 7 Ili 7 3 11 11
« B 0 0 0 0 0 2
« C 0 2 1 0 2
" D 0 0 2 3 0 0
«  E 3 u 2 1 0 0
Table 7
C la ss ifica tion  o f turns fo r  Exp. Ig
1 Good Radar 1 Poor Radar 2 or 3 Radars
Number o f  successful turns with one 
noise association during the turn. 3 0 3
Number o f  successful turns with 
more than one noise association 
during the turn.
1 0 1
Number o f  unsuccessful turns with 
a noise association and subsequent 
loss  o f the track.
5 3 1
Table 8
E ffe c t o f  noise on turns fo r  Exp. Ig
Such a resu lt is  not surprising when double bin sorting is  used since 
there w i l l  be certa in  areas in  the "sky" where in it ia t io n  is  suppressed due
C O N F I D E N T I A L
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to the presence o f  noise tracks or plane tracks in  that region* The rea l 
value o f double bin sorting unfortunately is  nht apparent in  th is  experi­
ment because o f the r e la t iv e ly  small radar errors. In  some ea rly  experi­
ments with a rea l time tracking code^- designed fo r  a general purpose com­
puter working with rea l radar data,double bin sorting gave a s ign ifican t 
improvement in  the tracking. I t  is  expected that double bin sorting w i l l  
resu lt in  a s im ilar improvement when rea l radar data is  fed  in to the drum 
simulation code.
The d is tr ibu tion  o f A t f 0 o f noise tracks fo r  f Q = 0 is  given in  
Figure 20. Comparison with Figure 17a shows l i t t l e  d iffe ren ce  between 
the two d istribu tions.
Table 9 shows Nf as a function o f  f .  Here again the resu lts  d i f f e r  
but l i t t l e  from Exp. Iy .
H* II O f  = 1 II IV) f  = 3 f  = k f  = 5 f  = 6
7.0 7.5 10.2 11.8 3.6 2.1 1.3
Table 9
Nf as a function o f f  fo r  Exp. Ig
Table 10 shows TD and.J Ta TDJ^ fo r  d iffe ren t types o f cover. The 
average time delay is  somewhat greater than that fo r  Exp. Iy because o f 
the presence o f areas in  which in it ia t io n  is  suppressed.
1 Good 
Radar
1 Poor 
Radar
2 or 3 
Radars
TD (sec ) 52.2 hO.h 18.3
‘i (A T D )2 (s ec ) 50.1* 1*2.1 10.3
Table 10
Average time delay fo r  f i r s t  association in  Exp. Ig  
^To be described in  a forthcoming report.
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The operation o f  the track scratcher was sim ilar to that in  Exp, Iy .
F. Exp. I^
Experiment 1^ was a fishook experiment with the fo llow in g  o rb it
parameters fo r  the basic courses
X]_ = 3 mi y-^  = 28 mi
ux = 0 V]_ = 3/l6 mi/sec
t]_ = 80 sec t2 -t^  = 81* sec
CO = ,01875 rad/sec R = 10 mi
U2 = 3/l6 mi/sec v2 = 0
This is  a 1 g turn through 90° at constant speed V = 675 mph. Other­
wise th is  experiment was id en tica l to Exp. 1^.
A photograph o f the association p rin t at f 0 * 0 is  shown in  Figure 21. 
I t  appears from th is  p ictu re and the resu lts  o f the prelim inary data 
processer that very few turns are successfu lly  tracked.
Smoothing and sorting parameters SS-l* seem to be inadequate fo r  turns 
o f th is  type, though some o f  the d i f f ic u l t ie s  may be due to  the e ffe c ts  o f 
saturation.
G. Exp. I 12
This experiment was id en tica l to Exp. I 7 except that <T"0 *  6. Since 
the strength o f report, C ” , has four equally probable values, CT= 0, 2, 
k, 6, the p rob ab ility  that a report, which does not associate w ith any 
track, can in i t ia t e  a track is  here equal to l/l*.
Photographs o f the association p rin t ind icate that the qu a lity  o f 
the tracking is  not very d iffe ren t from that in  Exp. Iy ,  except that 
the time delay on in it ia t io n  was natura lly  longer here because o f the 
high value o f C “o> TD and ]j (ATD)"Z are shown in  Table 11.
The e f fe c t  o f  varying G"0 is  not very  r e a l is t ic  here because the 
strength o f noise reports and plane reports have the same d istribu tions
C O N F I D E N T I A L
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in  the simulation code* Experiments in  which the strength d istribu tions 
fo r  noise reports and plane reports are more r e a l is t ic  are being con­
sidered#
1 Good 
Radar
1 Poor 
Radar
2 or 3 
Radars
TD (sec ) 67.6 7U.6 3U.2
(A TD )2  ( Sec) lll.O 6U.S 36.2
Table 11
Average time delay fo r  f i r s t  association  in  Exp. I-j_2
H. »Exp. I-j^
This experiment was id en tica l to  Exp# Iy except that i t  was run at 
a reduced report rate (on ly  one p r io r i t y  noise report and plane reports 
enter a b u ffe r  store in  each second).
Association prin ts at f 0 = 0 and f 0 = b are shown in  F igs . 22 and 
23. Comparison with F igs . 1£ and 16 (Exp. Iy ) indicates that the qu a lity  
o f  the tracking has been improved somewhat.
The number o f  turns in  each tracking category is  displayed in  Table 
12. Data on the e f fe c t  o f  noise on turns is  presented in  Table 13* In  
Exp. I t h e  p rob ab ility  o f  a successful turn in  m ultip le coverage appears 
to  be somewhat greater than in  Exp. I y .  The d ifferences in  s in g le  coverage 
are not s ign ifica n t.
The d is tr ibu tion  o f  . A t f Q fo r  noise tracks with f 0 = 0, 1 , 2, 3,
£ is  shown in  F igs. 2i;a, 2lj.b, 2l*c, 2^d, 2l*e, 2l*f, respective ly . Table lU 
shows N f as a function o f  f .
Saturation o f  the f i r s t  and second kind was not observed, and the track
C O N F I D E N T I A L
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scratcher was never ca lled  in to operation ind ica tin g  that the drum was never 
saturated*
Table V~> shows TD and/( a TDT?'fo r  d iffe ren t types o f  cover.
1 Good Radar 1 Poor Radar 2 or 3 Radars
No Noise Noise No Noise Noise No Noise Noise
Number o f  A 9 111 7 h 11 13
« B 0 1 0 0 0 0
«  C 1 3 h 2 0 0
" D 0 2 1 0 0 1
«  E 0 3 1 1 0 1
Table 12
C la ss ifica tion  o f  turns fo r  Exp.
1 Good Radar 1 Poor Radar 2 or 3 Radars
Number o f  successful turns with one 
noise association  during the turn. 3 1 u
Number o f  successful turns with 
more than one noise association 
during the turn.
0 0 0
Number o f unsuccessful turns with 
a noise association and subsequent 
loss  o f  the track.
1 1 1
Table 13
E ffe c t o f noise on turns fo r  Exp. I-j^
f  = 0 f  = 1 f  = 2 f  = 3 f  = h f  -  5 f  = 6
Nf 5-1
__ — ___
8.6 2.9 O.h 0.1 0.1
Table lh
N^ as a function o f  f  fo r  Exp.
C O N F I D E N T I A L
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1 Good 
Radar
1 Poor 
Radar
2 or 3 
Radars
TD (sec ) b2.1 bk*3 23.9
^ ( ATD)* (sec ) 29.7 ho.o 33.0
Table 15
Average time delay fo r  f i r s t  association in  Exp* I^£
I*  Exp* I ^
Experiment I yf was id en tica l to  Exp* 1*7 except that smoothing and 
sorting parameters SS-5 were used*
Photographs o f  the association p rin t with f 0 = 0 and f 0 *  U are shown 
in  Figs* 2£ and 26. These p rin ts are n o is ie r  than those fo r  Exp. I 7 though 
there does not appear to  be a s ign ifican t d iffe ren ce  in  the tracking o f  the 
turns.
The number o f  turns in  each tracking category is  displayed in  Table 16, 
Comparison with the resu lts  fo r  Exp. I 7 (Table 3) ind icates that there has 
been a general increase in  the number o f  type E turns and a decrease in  the 
number o f  type A turns in  the noisy area. The e f fe c t  o f  noise perturbations 
is  shown in  Table 17« Comparison with the resu lts  fo r  Exp. I 7 (Table U) 
ind icates that tracks are more ea s ily  perturbed by noise in  the cover o f  
one good radar here than in  Exp. I 7.
The d istr ibu tion  o f  A t f Q o f noise tracks fo r  f 0 *  0, 1, 2, 3, U, f>,
6 is  shown in  F igs . 27a, 27b, 27c, 27d, 27e, 27f, and 27g. Eight noise 
tracks, in it ia te d  in  the f i r s t  minute, l iv e d  beyond the end o f  th is  experi­
ment and are not shown in  these figu res . The noisy appearance o f the asso­
c ia tion  prin ts is  described qu an tita tive ly  in  these figu res . An increase 
in  the life t im e s  o f  noise tracks is  not too surprising here since €  increased
C O N F I D E N T I A L
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more rap id ly  just a fte r  in it ia t io n  than in  Exp, Iy , Table 18 shows N f 
as a function o f  f .
1 Good Radar 1 Poor Radar 2 or 3 Radars
No Noise Noise No Noise Noise No Noise Noise
Number o f  A 7 8 5 2 11 10
«  g 0 0 0 0 0 0
« C 0 0 0 0 0 3
« D 0 10 It 3 0 2
ft E 3 5 It 3 0 0
Table 16
C la ss ifica tion  o f  turns fo r  Exp, I^y
1 Good Radar 1 Poor Radar 2 or 3 Radars
Number o f  successful turns with one 
noise association during the turn.
3 0 1
Number o f  successful turns with 
more than one noise association 
during the turn.
0 0 1
Number o f  unsuccessful turns with 
a noise association  and subsequent 
loss  o f  the track.
10 3 it
Table 17
Effect of noise on turns for Exp, lyj
f  = 0 f  = 1 f  = 2 H» II f  = h f  = 5 f  = 6
wf 6,3 6,0 11,6 i5 . lt 10.6 £•7 lt.O
Table 18
N f as a function o f  f  fo r  Exp, I^y
Table 19 shows TD and y/ ( ATI))'<f'fo r  d iffe re n t  types o f  cover.
C O N F I D E N T I A L
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1 Good 
Radar
1 Poor 
Radar
2 or 3
Radars
TD (sec ) 36.3 io..? 17.6
/i| ( ATD)2 (s ec ) 2U.8 $5.1 11.7
Table 19
Average time delay fo r  f i r s t  association  in  Exp, I-^y
The operation o f  the track scratcher was s im ilar to that in  Exp, Iy ,
J • Exp, I^g
Experiment 1^3 was id en tica l to  Exp, I-^y except that i t  was run at 
a reduced report ra te . I t  is  id en tica l to  Exp. I-j^ except that smoothing 
and sorting parameters 5S-$ rather than SS-lj. were used.
Photographs o f  the association p rin t with f 0 = 0 and f 0 = k are shown 
in  F igs. 28 and 29. Less noise is  displayed than in  Exp. I]_y, as is  to  be 
expected with a reduced report ra te , and the tracking o f  the turns appears 
to  be improved. There does not appear to  be a s ign ifican t d iffe ren ce  with 
the association prin ts fo r  Exp. I]_£ (F ig s . 22 and 23).
The number o f turns in  each tracking category is  displayed in  Table 20. 
Comparison with the resu lts  fo r  Exp. I^y shows that a s ign ifican t increase 
in  the number o f successful turns has resu lted  from reducing the report 
ra te . Table 21 contains data on the e f fe c t  o f  noise on turns.
The d is tr ibu tion  o f  At-p fo r  noise tracks with f Q = 0 , ‘l ,  2, 3, h3 $
xo
is  shown in  F igs . 30a, 30b, 30c, 30d, 30e, and 30f. No noise tracks reached 
a firmness o f 6. The life t im e s  o f noise tracks are less  than fo r  Exp. lyj 
and they do not d i f f e r  s ig n if ic a n t ly  from those fo r  Exp. I^^ . Table 22 
shows N f as a function o f  f .
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1 Good Radar 1 Poor Radar 2 or 3 Radars
No Noise Noise No Noise Noise No Noise Noise
Number o f A 9 lh 8 u 11 13
" B 0 1 1 0 0 0
" C 1 1 3 3 0 0
«  D 0 1 0 0 0 0
11 £ 0 6 1 1 0 2
Table 20
C la ss ifica tion  o f  turns fo r  Exp. Iqg
1 Good Radar 1 Poor Radar 2 or 3 Radars
Number o f  successful turns with one 
noise association  during the turn.
2 1 3
Number o f  successful turns with 
more than one noise association 
during the turn.
1 0 1
Number o f unsuccessful turns 
with a noise association  and sub­
sequent loss  o f  the track.
0 3 0
Table 21
E ffe c t o f  noise on turns fo r  Exp. I 13
Hj II O f  «  1 f  = 2 f  = 3
11«H in11«H VOII
i f lu9 6.9 9.2 5.1 l.U 0.7 0.2
Table 22
Hf as a function o f f  fo r  Exp. 1 3^ 
There was no saturation o f  any kind in  th is  experiment.
Table 23 shows tE and  ^ ( a TD)2 fo r  d iffe ren t  types o f  radar cover.
C O N F I D E N T I A L
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1 Good 
Radar
1 Poor 
Radar
2 or 3 
Radars
TD (sec ) I4I .6 1*1*. 8 23.1*
 ^ ( ATO}"? (s ec ) 28.6 1*2. 1* 30.7
Table 23
Average time delay fo r  f i r s t  association in  Exp* I^ q
K. Exp. Iqp
In the preceding experiments i t  was found that operation o f the system 
at the fu l l  report ra te  resu lts  in  saturation o f  the bu ffe r stores and drum. 
Saturation o f th e  f i r s t  kind in  the bu ffer stores w i l l  cause certa in  reports 
to  be o lder than one second when they are f in a l ly  sent to  the drum. There 
is  also the p o s s ib il it y  that some new reports may not fin d  an empty space 
in  the b u ffe r  store because o f the presence o f these older-than-one-second 
reports. I t  might be thought that in  such a situation  preference should 
always be given to the most Jup-to-date information. Exp. I^p was run to
s.
te s t  th is  idea. This experiment was id en tica l to Exp. I^y except that the 
bu ffe r stores were cleared at the end o f each second, thus no information 
was o lder than one second.
Photographs o f  the association p rin t with f 0 = 0 and f 0 = 1* are shown 
in  F igs. 31 and 32. I t  is  c lea r  from these figu res that tossing out "o ld ” 
reports degenerates the tracking performance considerably.
L. Discussion o f the Fishook Experiments 
The more s ign ifican t resu lts  o f the series  o f fishook experiments con­
ducted up to the present time have been shown in  the preceding pages, and 
i t  appears worthwhile here to summarize these observations. I t  is  d i f f ic u l t  
to  make very accurate quantita tive statements about the s ta t is t ic a l  behavior
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FIG. 31 ASSOCIATION PRINT FOR EXP. I |9 WITH fo * 0
FIG. 32 ASSOCIATION PRINT FOR EXP. I |9 WITH fo = 4
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o f  some properties o f the system because o f the small populations o f  the 
samples* This is  simply a resu lt o f  the la rge  amount o f time required to 
gather data. Some o f these experiments w i l l  be repeated with d iffe ren t 
in i t i a l  en tries to the random number routine in  order to increase the s ize  
o f  the sample populations.
There is  saturation o f  the f i r s t  and second kinds in the b u ffe r  stores 
and saturation o f the drum in  fishook experiments when the system operates 
at the fu l l  report rate* I t  is  important to  remember that saturation 
depends on the ta rget pattern and radar characteris tics* In  an extreme 
example where a l l  reports are pos ition  reports on a sing le  plane, i t  is  
c lea r  that there would be no saturation o f  the drum, though there might 
be saturation in  the radar b u ffe r stores, depending on the radar configura­
t io n , b lip-scan  ra tio s  and s ize  o f the bu ffe r stores. I t  is  perhaps worth­
while to  here emphasize the d iffe ren ce  between saturation o f the f i r s t  and 
second kinds. The la t t e r ,  which occurs when a radar b u ffe r  store becomes 
completely f i l l e d  w ith reports , depends only on the s iz e  o f the bu ffe r 
s tore, i t s  associated radar, and the targets covered by that radar* I t  
th erefore does not depend on the ch aracteris tics  o f the system as a whole. 
Saturation o f  the f i r s t  kind, which arises when the drum cannot process a l l  
o f  the reports coming in to  the system in  one second, is  a property o f  the 
system considered as a whole, the ta rge t configuration over the en tire  area, 
the ch aracteris tics  o f a l l  o f the radars, the ra te  at which the drum can 
process reports , etc. The two kinds o f saturation can occur independently 
or together.
With a few simple assumptions we w i l l  derive an equation which g ives 
an upper bound on the report ra te  which the drum can handle before i t
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becomes saturated* Let
R = number o f reports/second entering computer.
A = number o f  associations/seeond taking place*
D «  number o f drum addresses*
L = l i fe t im e  o f  report which has no fu rther associations*
T -  radar scan time*
K = the redundant coverage factor*
Obviously, i f  a l l  reports are nonsense, and there are no associations, the 
equilibrium condition is  that the report ra te  ju st f i l l  the drum in  the 
time "L " . Then a fte r  L seconds, there appear ju s t enough addresses to  
handle the R reports which a rr ive  at L + l  seconds; orj
R = D/L reports/sec -  fo r  no associations.
Let us now assume that there are some tracks on the drum, some reports w i l l  
then associate and we no longer need new addresses fo r  them. For s im p lic ity  
we assume that these tracks are never lo s t— that is ,  they occupy a fix ed  
set o f drum addresses— that there is  one report in  every plane during the 
time T, and that the remaining addresses on the drum, D*, are ava ilab le  fo r  
incoming reports which never associate with anything* Thus,
E -  A = D 'A
But we know that,
D1 «  D -  AT ( f o r  s in g le  coverage)
where AT is  simply the number o f associations/second times the scan time, 
or in  other words, the number o f tracks. Now some tracks w i l l  in  general 
be seen by more than 1 radar -  so that more than 1 report/second time w i l l  
associate w ith the same address. Therefore,
D* -  D -  KAT, K 4 l
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SO R -  A = D-KAT, 
L
and H * D/L - t  A (l-kT/L).
This is  the maximum reporting ra te  which w i l l  keep the "track-scratcher" 
qu iet. However, we contemplate in h ib itin g  the entry on the drum o f  reports 
whose O' is  less  than some predetermined value. Thus on ly a fra c tion , P, 
o f the reports w i l l  ever need drum addresses. Hence fo r  the nonsense case:
and fo r  the general case -  because the CT w i l l  not a ffe c t  associations:
Using th is  resu lt i t  is  found that in  a fishook experiment R is  approxi­
mately equal to  l 6 reports per second. This agrees with the experiments; 
when the system operated at the reduced report ra te , which is  s l ig h t ly  less  
than 16 reports per second, the drum did not become saturated, but when 
operated at the fu l l  report ra te , 20 reports per second, the drum was 
saturated.
One o f the most important resu lts  here is  that the qu a lity  o f the 
tracking appears to  decrease continuously as the system becomes saturated 
and does not d isp lay a sharp cu t-o ff.
A comparison o f  the tab les fo r  Nf and the d istribu tions o f .A t£ o in ­
d icates that parameters SS-i* w i l l  present a more n o ise -free  d isp lay than 
parameters SS-f> when the system is  operating at the f u l l  report ra te . When 
operating at a reduced report rate the d ifferen ce  is  not nearly so great 
though parameters SS-h s t i l l  appear to g ive  a more n o ise -free  p ictu re .
PR = D/L 5 
R = D/LP
P(R-A) = D -  KAT/L 
PR = D/L -  KAT/L+AP
(7 )
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Smoothing and sorting parameters SS-U and SS-5 are superior to  the 
others in  tracking U50 mph targets  through a l/U g turn. The d ifferences  
in  the qu a lity  o f the tracking fo r  parameters SS-U and SS-5 though not 
very great ind icate that parameters 3S-U are to  be preferred* Comparison 
o f the resu lts  fo r  Exps* Iy  and 1 ^  shows that there are a s ig n ific a n t ly  
greater number o f successful turns in  Exp* I 7 fo r  coverage by one good 
radar and there are no s ign ifican t d ifferences  in  other types o f cover; 
thus, parameters SS-U g ive  s l ig h t ly  b e tte r  resu lts under saturation con­
d itions* Comparison o f the resu lts  o f Exps* 15 and 18 indicates that the 
two sets o f parameters g ive about the same resu lts  on the tracking o f turns 
when the system is  operated at the reduced report rate*
The d ifferences in  the f i r s t  association time delay, TD, resu lting  
from the use o f parameters SS-U or SS-5 are not important.
The resu lts  ind icate that with the system parameters given in  Table 1, 
and parameters SS-U or SS-5, U50 mph targets  can almost always be successfu lly 
tracked around a 90° ,  l/U g turn when in  double cover* In  the coverage o f 
one good radar the p rob ab ility  o f a successful turn is  approximately 0*75 
fo r  the same ta rg e t. In  the coverage o f one poor radar th is  p robab ility  
is  approximately 0o6. These resu lts  r e fe r  to operation at the reduced report 
ra te  and to  targets  located in  the noisy h a lf o f the area.
The present parameters do not g ive  successful tracking o f  675 mph targets  
executing 90° ,  l/U g turns*
M* Exp* I22
Experiment I 22 is  a scissors experiment* The parameters fo r  the basic 
course fo r  the odd numbered planes are
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xi = 3 mi y-L = 3 mi
u i = 0*0879 mi/sec v}_ *  0*0879 mi/sec
( 8)
and fo r  the even numbered planes
X2 *  3 mi J2 = 28 mi
U2 = 0*0879 mi/sec V2 = 0*0879 mi/sec
(9 )
Each plane*s speed is  l /8 mi/sec, the courses o f the two planes in tersect
at an angle o f 90° ,  and t f  ■ 257 seconds*
Smoothing and sorting parameters SS-ii were used and the system was 
operated at the reduced report ra te . Noise was confined to  the l e f t  ha lf 
o f the area, 0^ x ^ l 28 and 0^ y ^ 256.
Photographs o f the association  p rin t at f 0 = 0 and f 0 = k are shown 
in  Figs* 33 and 3h» The §, y p rin t (raw data) fo r  th is experiment and 
Exp* I 23 i s  shown in  F ig . 35*
The tracking o f in tersectin g  planes has been c la s s if ie d  in  an analogous 
fashion to the c la s s if ic a t io n  o f turning planes* S ix categories have been 
set up and they are defined as fo llow s*
The tracking o f the in tersection  is  type A i fs  
1* Tracks are in it ia te d  on both planes at t  4  050.
2. There is  at le a s t  one correct association with each o f these tracks 
at O N K ^ t^ t f.
The tracking o f the in tersection  is  type B i f :
1* A track is  in it ia te d  on only one plane at t4050*
2. There is  at lea s t one correct association with th is  track at O N K ^ t^ t f.
The tracking o f the in tersection  is  type C i f :
1. A track is  in it ia te d  on only one plane at t^0 5 0 .
2* There is  no correct association with th is  track at O N K ^ t^ t f.
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The tracking o f the in tersec tion  is  type D i f :
1. Tracks on both planes are in it ia te d  at t  403>0.
2. There is  a correct association  with only one o f these tracks at Q N K ^ t^ t f.
The tracking o f the in tersection  is  type E i f :
1* Tracks are in it ia te d  on both planes at t^O^O.
2. There is  no correct association  with e ith er o f  these tracks at O N K ^ t^ t f.
The tracking o f the in tersection  is  type F i f :
1* No tracks are in it ia te d  on e ith er plane at t^O^O.
The times are given in  sexadecimal seconds and t f  is  the time o f the 
end o f the experiment. For t^ 0 £ 0  and ti^ONK the planes are s u ff ic ie n t ly  
w e ll separated to make the p rob a b ility  o f a track associating with a report 
from the wrong plane n eg lig ib le .
Categories A, D, and E describe the tracking o f the in tersection  o f  
two planes on which there are w e ll established tracks before the in te r­
section . Categories B and C describe the tracking o f one plane which 
in tersects  with another plane not being tracked ju st b e fore  the in tersection . 
Categories B, C and F contain a l l  s ituations in  which there has been some 
d i f f ic u l t y  in  track in it ia t io n .
Table 2h shows the number o f in tersections in  each tracking category 
l is t e d  according to type o f  cover and the presence or absence o f noise.
In a scissors experiment a wrong association  can occur in  two ways, 
by association with a noise report, and by association  with a report from 
the wrong plane ( i . e .  the other plane involved in  the in te rsec tion ). The 
information in  Table 25 helps to  describe the e ffe c ts  o f  these wrong asso­
c ia tion s . In  th is  tab le  the number o f in tersections in categories A, D, 
and E in  which one or both tracks associated with a noise report and one
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or both tracks associated with a report from the wrong plane are l is te d  
according to  cover and the presence or absence o f noise.
1 Good Radar 1 Poor Radar 2 or 3 Radars
No Noise Noise No Noise Noise No Noise Noise
Number o f  A 5 5 3 1 6 6
" B 0 0 h 1 1 0
" C 0 0 0 1 0 0
" V 0 3 0 0 0
« E 0 1«4. 0 1 0 1
«  f 0 0 0 0 0 0
Table 2h
C la ss ifica tion  o f  in tersections fo r  Exp. I 22
Detailed  track h is to r ies  o f four in tersections are shown in  F igs.
36, 37, 38 and 39. Points o f association with the track on the odd numbered 
plane are marked by x and by • fo r  the even numbered plane. A small square 
around one o f these marks E  or E l  indicates an association with the wrong 
plane, a small c ir c le  (x ) or (• ) ind icates an association with noise. Other­
wise the notation is  l ik e  that in  the deta iled  track h is to r ies  already shown. 
Ail tracks on the even numbered planes show an approximate displacement o f 
1 m ile south o f the true course, th is  resu lts from the pos ition  error 
introduced by truncating the reports at the 1 m ile d ig i t .
N. Exp. I 23
In th is  experiment smoothing and sorting parameters SS-£ were used, 
otherwise i t  was id en tica l to Exp. 122*
Photographs o f the association p rin t at f 0 = 0 and f Q = h are shown
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NOISY AREA
1  Good Radar 1 Poor Radar 2 or 3 Radars
Noiseì Assn
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both
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track
both
tracks
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track
both
tracks
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track
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tracks
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track
both
tranlfs
No« o f A 2 0 2 1 0 0 1 0 1 0
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0 0 0 1
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1 Good Radar 1 Poor Radar 2 or 3 Radars
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tracks
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track
both
tracks
one
track
both
tracks
No. o f A it 0 3 0 0 0
No* o f D 0 0 2 1 0 0
No. o f E 0 0 0 0 0 0
Table 2$
Description o f  the e f fe c ts  o f  wrong associations fo r  Exp* I 22
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in  F igs, 1*0 and I4I .  (These p ictures do not include the la s t  1*3 seconds 
o f the f l i g h t . )
Table 26 shows the number o f in tersections in  each tracking category 
l is t e d  according to type o f cover and the presence or absence o f noise.
1 Good Radar 1 Poor Radar 2 or 3 Radars
No Noise Noise No Noise Noise No Noise Noise
Number o f A 5 3 3 0 6 5
«  B 0 1 1* 0 1 0
" C 0 0 0 1 0 0
«  D 0 h 3 1 0 1
n e 0 3 0 2 0 1
« f 0 0 0 0 0 0_ ____s
Table 26
C la ss ifica tion  o f in tersections fo r  Exp. 123
Table 27 describes the e ffe c ts  o f wrong associations.
Figures 1*2, 1*3, 1*1*, 1*5 show deta iled  track h is to r ies  on the same 
in tersections fo r  which deta iled  track h is to r ies  have been presented in 
Exp. 122*
0. Discussion o f Scissors Experiments 
I t  is  obvious that there is  an important d iffe ren ce  in  the requirements 
fo r  tracking turning planes and tracking planes through in tersection s .
The former case requires that acceleration  be picked up quickly, the la t t e r  
case requires that the system be f a i r l y  in sen s itive  to apparent changes in  
v e lo c ity  since there ex ists  a good p rob ab ility  fo r  a wrong association .
The conditions under which these requirements imply s ign ifican t changes
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1 Good Radar 1 Poor Radar 2 or 3 Radars
Noise Assn
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t-3 track tracks track tracks track tracks
H
♦*> No. o f A 3 0 2 1 1* 2
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Description o f  the e ffe c ts  o f  wrong associations fo r  Exp# I 23
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in  the sorting and smoothing parameters need to be studied. I t  may be 
possib le to fin d  a s in g le  set o f parameters which are su itab le  fo r  a wide 
v a r ie ty  o f  turns and in tersection s . The two scissors experiments presented 
here are o f pa rticu la r in te res t since they have been performed under the 
same conditions which, so fa r ,  have given the best resu lts  in  fishook experi­
ments.
The only s ign ifican t d iffe ren ce , and th is  is  very  small, between the 
resu lts  o f the two scissors experiments is  in  the c la s s if ic a t io n s  o f in te iv  
sections in  the cover o f 1 good radar in  the noisy area; a comparison in d i­
cates that parameters SS-Ii are to  be preferred  s l ig h t ly .  The resu lts  in  
m ultip le cover are c le a r ly  superior to those in  s in g le  cover fo r  both exper- 
ments and i f  we c a l l  type A tracking o f an in tersection  successful, then 
i t  appears that in  m ultip le cover the p rob ab ility  o f success is  nearly equal 
to the p rob ab ility  o f success in  tracking a turn. However, more data must 
be co lle c ted  before th is  can be said with reasonable certa in ty .
P. Exps. I 28 and I 29
In  these two experiments there were no planes in  the "sk y ,” the only 
reports entering the system were noise reports. We are here try in g  to  
simulate the rea l s ituation  in  which the system is  on the a le r t  but the 
a ir  t r a f f i c  is  very  low. Under these conditions the system must be able 
to detect the presence o f  a rea l ta rge t as qu ickly as possib le while not 
creating too many fa ls e  alarms from noise tracks. A study o f the charac­
t e r is t ic s  o f  noise tracks under these conditions i s ,  th ere fore , o f con­
siderable importance.
In  both o f these experiments the system operated at the fu l l  report 
rate o f 20 reports per second. Smoothing and sorting parameters SS-1; were
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used in  Exp, I 28 and parameters SS-5 were used in  Exp. I 29. Noise was 
confined to the l e f t  h a lf o f the area (0 ^  x <  128 and 0 ^  y <  256)  in  
both experiments* The running time, t f ,  in the experiments was approxi­
mately 212 seconds.
P lo ts  o f t f  fo r  noise tracks in it ia te d  in  the f i r s t  minute o f the 
xo
experiment, fo r  the various f 0, in  Exps. I 28 and I 29 are shown in  F igs. 
l;6a, U6b, U6c, l|6d, li6e, JU6f  and l*7a, i*7b, li7c, l*7d, li7e, 2*7f> U7g, re­
spective ly* D ifferences in  the resu lts  produced by the two sets o f sorting 
and smoothing parameters are more s tr ik in g  here than anywhere e lse . Not 
a l l  o f th is  d ifferen ce  is  apparent from these figu res . The h is to r ies  on 
135 noise tracks in Exp. I 29 have been omitted because they are s t i l l  a liv e  
at the end o f the experiment. We can only say that these tracks liv ed  
longer than 212 seconds. In Exp. I 28 none o f the noise tracks in it ia te d  
in  the f i r s t  minute l iv e d  beyond the end o f the experiment.
I t  is  apparent that parameters SS-1; produce noise tracks with shorter 
l iv e s  than parameters SS-5 when the system is  operating at a ra te  o f 20 
noise reports per second.
Tables 28 and 29 show Nf as a function o f f  fo r  Exps. I 28 and 129, 
respective ly . The d ifferences noted above are re fle c ted  in  these tab les.
f  -  0 f  = 1
C
MII«H f  = 3
-c
t
11 f  = 5 f  = 6
Nf 12.6 12.8 20.0 19.9 5.5 3.5 o . i *
Table 28
N^ as a function o f f  fo r  Exp. I 28
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011*H Hj II H f  a 2 f  = 3
-=
i
11 f  *  5 f  = 6
N f 9.9 12,2 17 .? 27.1 19.2 10.9 9*S
Table 29
as a function o f f  fo r  Exp« I 29
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